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We examined whether oligodendrocytes, neurons, and as- 
troglia derived from the human central nervous system dif- 
fer h susceptibility to Injury mediated by tumor necrosis 
teew/ (TNF)*a end by activated CD4* T cells acting via a 
TNF-independent mechanism. Injury was assessed either 
bs cell membrane-directed (lysis), measured by "chromi- 
um (Cr) or lactate dehydrogenase (LDH) release, or nucle- 
us-directed (apoptosls), measured by morphologic fea- 
tures based on propldlum Iodide (PI) staining and by DNA 
fragmentation measured by a terminal transferase (TdT)- 
medlated dUTP biotln nick end labeling technique (TUNEL). 
TNF did not Induce fi1 Cr or LDH release in any cell targets, 
but did Induce nuclear (66 £ 2% of cells) and DNA (68 ± 
2% of cells) fragmentation selectively In the oligodendro- 
cytes over 96 hr. At this time, there was no significant loss 
of oligodendrocyte cell number. Nuclear Injury could be in- 
duced In neurons by serum deprivation and In malignant 
astrocytes by the combination of TNF and low serum. CD4+ 
T cells activated with phytohemagglutln (pha) or anti-CD3 
plus lnterleukin-2 Induced significant "Cr and LDH release 
In all target cells tested; only pha-activated CD4* T-cell co- 
cultures showed reduced target cell numbers. Significant 
nuclear fragmentation was observed only for glioma cells 
(22 Jc 1% of cells). Differences in susceptibility to different 
Immune effector mechanisms and in the nature of the In- 
Jury response to the same effector mediator among human 
CNS-derived neural cells will need to be considered In de^ 
sign of therapeutic strategies aimed at protecting or limit- 
ing target cell injury consequent to disease or trauma. 

[Key words: oligodendrocytes, conical neurons, tumor 
necrosis factor * (TNF*) k CD4+ T cells, cytotoxicity, /m- 
*if ne Injury of CNS] 

Celhiiediated immune (CMI) responses are implicated as the 
primary mediators of tissue injury which occur in an array of 
inflammatory diseases of the CNS. Such responses can be me- 
diated either by celUcclI contact-dependent or soluble factor- 
dependent mechanisms, In multiple sclerosis, myelin and its cell 
° f origin, the oligodendrocyte (OL), are considered the major 
wgets of chls response (Brack et al., 1994). Pathologic and neu- 
toimaging studies indicate that axonal injury also occurs, parties 

IW.cd Mny g , 99J; revjscd Junfi 2| |9W; aCceplcd Ju j y 5 |995 ; 

CiSr T,° rk , 5U PP° nfi<i fa y Era"** the Madical Research Council of 

^ ^ ( J «A.) and a Jcanne-Timmins Fellowship (S.D.S.). 
Unii°^ Sp ° nd ? , lS t: shoul< ? * e^ 1 ^ 1 Dr. Jack p. Amcl, Neuroimmuuobcy 
bee ui ° n ^ 1 Neu rol<»g'«l Irwimite. 3801 University Street, Montreal Ouc- 
nj A 2B4, Canatla, * x 

°PyigMO 1995 Society for Ncuni-svicncc 027Q-6474/95/I5729.V08S05.00/0 



ularly during the progressive phase of the disease (Arnold ei a!., 

1994) , In some vjral diseases, including HIV encephalopathy! 
immune effectors contribute 10 the target cell injury (Wilt et al., 

1995) . Immune system products are also implicated as second- 
ary contributors to the cellular injury in neurodegenerative dis- 
orders such as Alzheimer's disease (McGeer ct aL, 1989), 

A specific issue raised with regard to immune mediators of 
tissue injury relates to whether different populations of CNS 
cells are selectively vulnerable to particular effectors. A corol- 
lary would be whether the mechanism of target cell injury to a 
common effector differs among neural cell populations. Cell in- 
jury has usually been considered in terms of primary cell mem- 
brane injury (lysis) or nuclear injury (apoptosis). 

In the present study, we address these issues using dissociated 
in vitro cultures of human adult CNS-derived OLs, fetal CNS- 
derived neurons and astrocytes, and human glioma cell lines as 
target cells. As effector mediators, we used tumor necrosis factor 
(TNF)-a and in W^activatcd CD4* T cells. The former, under 
padiologic conditions in the CNS. may be derived both from 
infiltrating mononuclear cells and glial cells, both microglia and 
astrocytes (Robbins et al.. 1987; Lee et al. p 1993; Williams et 
al., 1994). TNFa hd* been shown to induce DNA fragmentation 
of primary rodent, bovine, and human OLs after 72-96 hr of in 
vitro exposure (Sclmaj ci al., 1991) and of the OL precursor cell 
line CG4. induced to mature in vitro (Louis et al.. 1993). The 
related molecule TNFp is at least as toxic to OLs (Selmaj et al., 
1991). Gelbard et al. (1993) reported that TNFa was toxic to 
cultured primary human fetal conical neurons, as assessed mor- 
phologically. 

We have previously shown that mitogen- or antigen-activated 
CD4 + T cells, the T-cell subset used to transfer autoimmune 
encephalitis in animals, can induce OL cell membrane injury, 
measured using 3, Cr or LDH release, within 18 hr of effector: 
target coculture (Antel et al., 1994). The effect is TNF-indepen- 
dent and non-MHC^restricicd (Antel ct aL, 1994). At this time 
point, there is no evidence of nuclear injury, as measured by a 
DNA fragmentation assay (McLaurin et al., 1995). In the present 
study, we have assessed target cell responses to the T-cell ef- 
fectors in terms of cell membrane and nuclear-directed injury 
over short (18 hr) and longer term (96 hr) culture, a non-MHC- 
restricted CD4 f T-cell effector response should be of particular 
interest in context of CNS cell injury, in that neither neurons or 
OLs to express MHC class II molecules, che restricting clement 
for antigen-specific CD4* T cells. 

Materials and Methods 

Preparation of effectors 

Recombinant human TNPn used in these studies was obtained from 
Intcrmedico Diagnostics (Markham. Ontario). Preliminary studies cs- 
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tablished 1000 units/ml as a standard dose ro perform (he comparative 

.£!? * rep ° n (D ' S<,UM « ^ ""Polished oh«rva- 

rJ^V Iff* prci,ar . Ed from Peripheral blood samples obtained 

•« 1, • ^ Q uel * c > endiem cemrifufiation step (30 min at 5oo x » 
oobtam mononuclear cans (MNCs).T cells were isolated by a roseuina 
technique in wh,ch MNCs w cre incubated for I hr « 4 ? C wX 

3SK Wn^dt mbr0 ^ id .f h > drob «>™* (AET) ?A|drU 
30 un m i fin^K^ h CP W00d C<lls and lhen centrifuged for 
«IU rT?lnK" h ? paqUe 8 ? dleM (An,cl « «»•• The itsetted 
cells (T ymphocytes) were collected from the pellet and the sheen red 

C ^ * wei * *« "n^g* f« 30 min on a 43 5* 
Percoll (Pharmacia) gradient (o remove large granular tymDhoevt« «5 

ATCC hybndoma cell |,„e CRL 8014) and complement (baby tS 
S'cS T^. Hami,,0n ,', Omari9) - ^"^ing lysis, the remaTning 

2tafS?« -S^ LfS" 66 ^' wash «l 3X in phosphate-buffered 
saline ( PBS)> , nd SUspendcd at j x 1Qt , k tungL. in ' 

S^JLTSf? of RPM1 <CIBC0 - Burti »e^ S So 

mentcd w, h 5% human serum (Pel Freeic. Brown Deer WI a \s 1» 
per^peaicjllin and 2.3 p* per ml srep^vdn. CelT we« placcVtn 

w lw inaaiatea (Z500 rads) autologous nonrosett ng (E-) cells c2 l ntio^ 
as a source of feeder cells. Cells were activated /f, w/rm for 72 hr w 2 

£ FAC?"? ° f , ,^ C ^ ^ of £c CD4* T cells CSfnS 
Oy FACScan analysts. The enriched Ct>4* T cells were washedtwi^ 
and resuspended in RPMI plus | 0 % fetal calf serum %CsfS S om= 
cpenmente, anti-CD3-sii,nulated cells were coated with pha mmetf 
ately prior to their use as effeeior cells P ,nmtd *- 



Preparation of targets 

Adult CNS-demed cells. OLs were derived from temporal lobe tissue 
specimens resected from young adults undergoing suX? e *ct io ' S 
the treatment of intractable epilepsv The nJihnd nr«ii • 
viously described in detail K^a^^S%fl3^ M0,, ■■ ^ 

cfflSf" ^ f ?" 0W « !b ^* Seme ,nSS, n n D S 
c ated cells were cultured in minimum essential medium i (MEM) 21 
plemented with 5% fetal bovine serum (FBS). and 0 I ft £ |uco« Suh 

C?nada) or ^H ^ Ffl ' con ■ IS J sue Cu »»« flasks (Fisher. Montreal 
v-anaaa) or pein dishes. Ennched populations of OLs w*rr h-ir.,«..!i 

So?.? r Pan " i0n * ,he f °™ ' "'2 rnona^TeeS 
fraction after 24 hr and repbicd on coated petri dishes After a £ Jhll 
24 ha . the nonadherent ce.ls were again cal^ $fi^j£^ 

p.accd in .24 *«2^^^ 

^ h B3^ ,-, for func,iona ' assays ^ K 

Fetal CNS-derived rells. Neurons and astrocytes were d*.ri«»rf 

?NS J iS f- UC (Cerebn " ^""I^^lSi^JS 
Ci^S' U », ng MediMl ReSMrch CounciI Of Canada approved gS 
S' 0 «* Ul ' Ura WCI ! e*"" - by di «ociation of the feta™CN S tissue 
?M °f S * ,r >P s,n 1 B 'Kl SO MtVml DNase. passing the li "ue thraufh a 
wSh^WK^PBTthS:- ^ ' hen ,hr ° U * h 8 70 ^ «ree"° U A 8 r"e r 

« x f?l n C,af c . overeli P s wh «ch were then placed in petri dish« 

in functional assays w''hin 14? ^ ^ n4Ur ° nS are used 
To obtain asirocytes. nontreaied Telal CNS-derived ^ ■ 

lW ° ° r ,hree «2- u K2S%Tryp C l7o; 
5 min a, 37'C when cultures w ere conHuant Cbll/eoS be Eded 



m o either 96-w e ll microwells or onto coverslips (2 S X 10- .. 
ml) 24 hr prior to use in functional assays P W eells r*r 

Human glioma Cell lines. Cell line U25 was ohnln.H r„ 
and maimained in serial passage in RPMI upptme^ ^K^. 
Cells were trypsiniicd and resceded for func&T" ay, ^S., 
for fetal astrocytes. Addilional studies were Conducted us na fci? 1 
. gLoma cell „ne; resul.s were comparable ,o uJSfftSi ceg 

fnwunocytochetmstry 

(mAb), H8H9 (Ranscht et al 19M^JS^ rJT^i 0 ? 1 mtibe *y 
by bioiinylated horse anti-mouVe S^\S^SSl^tT 

ZtTC. all steps were performed at room temperature. The OI AiJZ a 
.mmunosiaining was done on live cells wiiho^ fi.arion>S^ 
ershps were incubated with all primary SSSZX 
4S m,„; cells were washed th«e tim« in PB T\ bei £ci Tlncubm 

tS^lT^ nonntci ce,,s were *- * » 



Assays of neural cell injury 

ejected rl^ nH-^'V " r 18 hr - 100 111 °r«ll-frce supemalant was 
(IR1 l OnJZZr n J v,dual 1 .' n,c,1>,vells » determine induced '-Cr release 
CIR) One hundred microliicrs of 5 N sodium hydroxide (Fisher Scien- 
tific, was then added ,o each well for 30 min. and a further 100 S 
collected to determine residual »Cr release hb\ p-^-! ( ,I ^ 
cifie Jifr hU u ,ki tm j ^ r ™ ,ease IKK). Percentage noiiipc- 

- nsr] xToU 8 ^ re,easc was calcuIated " wnw + RR» 

ahhour^"^"- " n LD . H re ' e « se W (« described below) was used, 
LdWouM S S un«n y ai'n he ^ ^ ° r <* 

dar?astvX lh S ',h d j e . S a ""ho^k re . ,CBSe assa * WM Us ^ " lh « 
^rn^l" f. 18 a . nd 96 •""•ime points. For this-assay, curturfc 

96^r C fme STT' 1 '' ""^ S,U ^ ieS were P^fcfmed over a 1 8- 
vo nr time period on cells contained on coverslips placed into 24-well 

we have u« 1 J2 « ,f r Vallablc ° n,y , in re, " itfcl > «" numbers. 
fPn »»r«;n. ^ -? Ur ™ asu « s or nuclear injury, propidium Iodide 
• * , ? Ufy ^ hanees in ""dear morphology (CTnlaiion. 
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were stained with PI (10 a* t> C r mi ™ ■ u . 

BSA for .5 mL XiTl'S^A^ with 2« 

wvldln-FITC (1:20. M^TnT??-* 1 * '"cubated with strcp- 
We have used serum dTri™ ■ > ^ whnm J«-to«ihel«i). 

cells will S how ev«d««Tf n^K^^ ^ ""8" 

TUNEL and Pr qiianfi,arivTd^ Z7^. 
slides. Ai leiixt JDOrtliTrdibJr* alned b * com »ine coded 
erslips eounted and £ lEtoS EF-TT"- " umbcr ° r «~ 

number of ce| (s pn^T^nlftL"*!* SO,ne Stud,es - thc tob »" 
under con.ro, X cZ^^J 

means * SEM for Ihe number of exXe^!er? I l a ( S. PreS r ,ed 85 
iment was performed in triplicate. per " nena P*™med; each exper- 

R ustllts 

Properties of target cells 

SS.r^ETS 2? SSL'S ^= 

mbytes being the other cell ivoe Al.hn. „k ' . ■ P M ~ 
ti .ty with MAP 5 ™ai. ■ .. A,,hol, S h on, y immunoreae- 

J 7 *' f to TNFwediated injury 
SSTJ?*^ inJ '" y - ^ ° f LDH measured in super- 

tain TNFn (Table I) d,d or d|d not c °n- 

resulted In car l,rT PPlemCnted ^"^ched cultures 
* 0.6% „ < n on k ir " . Com P ared IO co "trol cultures (7 

^^^^ 

by serum div^?^;'^*^ < han *« h*«d 
of OLs remainin" in i " 6,p K 0O '>- ^ ""mber 

a(= T96 bTnS 8 . J TNF - ,reated and non.renied cultures 
_r 9 6 hr dld not d|f|er sjgnificant|y fc """res 

do ± i%:s™:r n ?T comr ° i ^ 

however, markedly lower Than ^ r pr0pOrtion was - 

«^o Wor^a" ^. e ?? li> 5% r™ m p,us 

v " "um (S ± 0 6% „';; ' " " 6) COItl Pared 10 control 
ausmcntcd m^ii^ i*™™ d ?™«°n alone 

observed in these cell* Kw „ w ■ " 7 more re «<% 



Thecoma, o f Neuro SC |onc e .Nove f nb e ri 995 , , 5(11) ^ 

were obtained with ihe TUNEL aswv rd? + 
2). The fetal astrocytes did no. unH? -j ?*" * = 3 > ^able 
mentation (R g . 2) or DNA S, n « 8 ?- S,Enif,CS,n ' nuc,,:ar f ™g- 

efficient between d-Z^^^l"'^ 1 
•ation and the TUNEL JZ J SnI ^o X ""^ fn,gn,en - 
TNF assays a „d the K^^M^F"^ h *» ^ 
was 0.979, «= |4. effector assays described below 

>o CD4- T^l^nediated Injury 

each of rhe « J|^i?S S" 1 ^ 1 * 0 te,ease f ~«n 
proliferating cell cSw ^fL ' , bC ' n * hi 6 h «t in «he 

These resu.1 weLS^ ' ST,^ 
mficant l oss of both OLs ^ ' L "" (Table 1). Sig- 

colls examined, was observed fSwinJ hi ° n ' y W ° ,areel 

IS hr assay ^D?i^SL^■^ ,,,,, Ce,, U,gets tested in «■» 
their re,a tt sucVp^E^ ^S^LT^ T ^ in 

targets if the effector ^hTL ! previously resistant 

EST?? " v % """"^ -JiSSfiiS 

f""«l Iw. AJlhongh all org., «Us ■dosed -i& 
upon eocrtom w.u, phMUi VBeJ cd,.^ „, b S ™^° ° 

Discussion 
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Table J. Effect* of TNFa and activated CD4* T cells on target cells— release or LDH and cell 
survival 





Target cells 












LDH release 






Surviving cell numbers 




yie 01 control; 






(% of control) 




Effector 


OLs 


Neurons 


Glioma 


OLs 


Glioma 


TNFa 


96* 1% 


121 ± 11% 


110 ±6% 


102 ± 12% 


ND 




n = 3 


n = 3 


i — 3 


n = 4 




CD4* T cells + 












pha 


173% 


ND 


250% 


40 ±9% 


29 ±4% 








(249,250) 


n = 3 


n = 3 


anti-CD3-IL2 


185% 


ND 


206% 


103 ± 30% 


97 ±7% 








(186,225) 


n = 3 


« = 3 


anti-CD3 


126% 


ND 


126% 


92 ± 19% 


91 ±2% 




n = 2 




(135.117) 


n = 3 


n = 3 



ComF-ii:-"nn of LDH release and number of surviving target cell* in efTectont&rget cocultures u/ith thai found in 
culture* containing target cells alone. For LDH studies, data are expressed as LDH in test cultures + LDH in control 
cultures X 100* for the number of experiments performed ± SEM. except when only single experiments (single 
value shown) or duplicate experiments (averaged and individual results shown) u/ere performed. For single and 
duplicate experiments, each data point represents mean of triplicate culture*. Culture medium alone contain* 400- 
600 U of LDH. LDH values of cultures containing target cells only did not differ significantly from medium alone 
values. For cell survival studies, data are expressed as number of target cells in a defined coverslip region of an 
eiTectonfDrgct cocultura + number of cells In a defined coverslip region of b targeted I -only culture x 100% ± 
SEM for the number of experiments performed. ND, Not done. 
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Figure.. 2.. -Susceptibility of hwnan 
neural cells to TNFot-induced nuclear 
injury, propidium iodide (PI) assay; 
bars indicate percentage ± SEM of 
OLs, neurons, glioma, and fetal astro- 
cytes which show morphologic features 
of nuclear fragmentation after 96 hr in 
tissue culture medium containing either 
5% FCS, 5% FCS plus 1000 U/mJ 
TNFa. 1% FCS. 1% FCS plus TNFa, 
or no serum, Solid portions of bars In- 
dicate percentage of cells with frag- 
mented nuclei found at 18 hr. For each 
test condition the number of cpyersljps 
counted is indicated. At least two 
invdividual experiments were per- 
formed for each condition. 
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Table 2. Extent of DNA fragmentation (TUNEL assay) of target cells In response to efrecToT 
conditions inducing significant nuclear fragmentation (PI assay) 



^ ) 



Target cell 



Effector condition 



TUNEL 

{% positive cells) 



PI 

(% fragmented 
nuclei) 



OLs 

Neurons 
Glioma 



TNPd 

Serum deprivation 
Serum deprivation 
TNF01+ 1% serum 

pha-actlvated CD4* T cells 



68 ± 2% (6) 
ND 

32 1:2% (2) 
42 ± 3% (3) 
33 



66 ± 3% (Ci 
43 ±3% (6; 
25 ± 3% (7, 
35 ± 3% (5 j 
22 ± |%(4) 



Data indicate results of PI and TUNEL ways obtained for the same test conditions. Id which significantly dev^i 
ralues for the p^porUon of cell* with nuclear injury were found. Data arc expressed is n«S i ± SEM* £ £ 
number of covenlip, counted. At least two experiment, were done for etch condition. w£i rf^Su* »t 
aciivoicd T cells where a single coverslip was counted. P B P * phii " 



and non-TNF-dcpendent effector mechanisms, the latter medi- 
ated by activated CD4* T cells acting in a non^MHC-restricted 
manner. The target response was assessed in terms of the two 
major categories of cell injury, namely primary cell membrane- 
directed injury (lysis) and nucleus-directed injury (apoptosis) 
(ZychUnskyetal.. 1991; Taylor and Cohen, 1992; Cohen, 1993; 
Louis et al., 1993; Schwartzman and Codlowski, 1993), and in 



terms of the time required for the response to develop. Th, re- 
sults indicated that the target cells studied (OLs, neurons! imd 
malignant and nonmalignant astrocytes) differed in their relative 
susceptibilities to these effector mechanisms and in the nature 
of the cellular injury which occurred. 

The susceptibility of human adult CNS-derivcd OLs to the 
nuclear injury-Inducing effects of TNFa that we. found in our 



Glioma 



Figure 3. Susceptibility of human 
neural cells to cell membrane injury as 
measured by "Cr release and to nuclear 
fragmentation as measured by PI stain- 
ing, induced by CD4* T cells activated 
by either PHa antibody {hatched bars), 
anti-CD3 plus JL-2 (open bars), or 
anti-CD3 antibody {solid bars). Studies 
were performed at 10:1 E:T ratios. Up- 
per panel indicates mean percentage 
specific "Cr release £ SEM at 18 hr 
for the number of individual studies in- 
dicated for each target cell type. Lower 
panel indicates mean percentage £ 
SEM of fragmented muclei for the cor- 
responding target cells, as determined 
at 96 hr; 18 hr data is indicated by ar- 
rows. Number of coverslips or experi- 
ments used in each condition is indi- 
cated. 
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study are consistent with those observed by other* u «i„<, «j 
and bovine primary OL cultures aiulT^™m? 8 
line (Sclmaj eta.., .991; l^T t^S^Z^ 1 

/VLoi k I , insistent with those of Zajicek et al 
not indues ey otox.city of rodent OU whereas ecll-bound TNP 

extent of TNFcMnduced nuclcai' iniurv of ni e ™ ^ 

(he human fetal neurons. Giulian et al. (1993) p«WouTob 
served the greater susceptibility of neo^^Sto^ 
^noncy «o kl „e ,ow m 0 ,ecu.ar weigh, factors re.S by °t£ 

Neither the malignant nor nonmalignant feral 
showed s.gnificant nuclear i„j Ury in res g pon ™ to TNFa^S 
our usual culture conditions. In addition we did 1 

of astrocytes contained in our adult CNS-deriv«l ni T • ^ 
culture, These results indicate , hc dS^t.SSSS 
to a common effector between elial «f , susceptibility 
developmental lineage (Bar^efa ^ SET*' ^ 
but not the nonmaligU as^c ^ 'showS s^tZu^ 

.ivauon and TNFa. The glioma cells had a hieher rati- «r 

be h S /i T NF-de P ende n t mechanisms, in that i, could not 
°e blocked with neutra zin« anti.TNF m»;k~4 ? 
With TNF (Ante | et aK> 1 994) CD4* T^eM^ii " rcp ~ duced 

CD4* T cells activated by anri-CD3 and ir ? 

77 j£ » 



The Journal o» Ne U r OS dence. Nov e mb o r199S| |aJ11) ?2gg 

?D4 a 'Tl!, Pate, e ' ,987: Thie,c and Lipsky 1989) Th 
«-D4 T cells activated by anti-CD3a.oni.HwlL The 
Potenlial. „ re vealed by coa ine thV' Tif T" 8 Cytotoxic 
■ ately prior to adding l^T^tTj^ '"T^ 
•otoxicity mediated by rtt^^^S™* T 

lack of cytotoxicity found using CD4- T «Jk '.. ^ 11,6 
«n« -CD3 alone, compared to ami-CD3 D L n , ! ^ *'* 
residual anti-CD3 am.bodv on the t*. ii ■ SU 8I«« 'hat 
liganAT^exsemiaTCt "J** - • 

«t proliferation J. ^Howey l^t^^^ high - 
ferences i„ -^KJ^^ «- 

lVZ kure PBtad did not accoun « *«i^SS i is? 

Any remaining exogenous IL-2 in the ami-CD3 nliTn 7 ■ 
were washed pnor to adding them to the cell tareets Tht T ^7 

With regard to the target cell response to pha-activated Tr,iic 
only in the glioma cells did DMA and nElITr -'^ 
develop. Signifies, fragmentat^^ I ^SSXTt 
«me penod which precedes that required for TNR, .in t 

auced in all cell cultures exposed to pha-treated CD4* T cell, 

B „L^- ,a " er . su 88«s'e<l 'hat nuclear injury preceded ce5 dlsin 
tegration (reviewed i„ Thiele and Liplky: IW Duke f?£ 
Crogg et al.. 1992; Berke, 1994; Slalder « al 199S -kl 
oma cel. s are the most actively prolTferat^of TLJtt 

ess XS? y ; °: t da,a sug8eSB that pnma ^ ^5 

tho,T„h7r * and L nourons . ■« resistant to this pathway a U 

Sthef™^/; CaPa ? e ° f UndCr80ing **** as sh «wn ^i„ g 
S,h J mm de P nvation - T h«e data would be conaistsm 

cZ furv X f ° f mUl,iplC diffcrcnt P a *^ S ^ " U 
SehLl^ T 8 ,^ 5 8rc 8C,iva,ed (Rose « nd Henneberry, i 99 3- 
2 Schwann and Cidlowski. I9 ^S| 

JS«" f" ' he -e of P g,iomos y ) oTSJtrSS^i 
a" cell targets tested) observed using the pha -acti va ted T cells 
These fina| cou)d prov . dc a mo J c| ^^VSJS 

induce membrane injury without nccessarilv r^n klj ^ 
is. sublethal injury U , pota.,5 for ^^Sverv ^'J 31 
complement-mediated injury (Scoid ng et a 7' f^Pn ^ f ° r 
vious studies did indicate that h„Zf OU ^ susceotSle^ 
prom.s^ous cel.-mcdiatcd cytotoxicity mediated £ Sif J? 
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active CD4* T-ed| lines (Antel ci al.. 1994). In the case of 
multiple sclerosis, the issue of myelin loss, with or without OL 
cell loss, continues to he studied (Bmck et al., 1994). 

In summary, our current in vitro data indicate the differing 
susceptibility and cellular response of human CNS neural cells 
io TNF-dcpendent and independent immune effector mecha- 
nisms. Therapeutic strategies applied to diseases or injury of the 
human CNS will need to consider this heterogeneity. 
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